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Abstract:
Anolis lizards display craniofacial diversity in the length of the face that has evolved independently of 
other vertebrate groups. The developmental mechanisms that drive the different facial morphologies for 
nasal cartilage of anoles has yet to be studied. Through paraffin sectioning and staining the proliferation 
patterns in A. sagrei embryos will be examined. This project will help determine the patterns of nasal 
cartilage cell proliferation in relation to craniofacial morphologies. More broadly, these data will help 
determine macroevolutionary patterns of craniofacial evolution and the convergent evolution of an 
elongate face. 
Introduction:
Among amniotes craniofacial diversity can be observed, through the elongation of face across different 
classes (Fig. 1). The large variance in morphologies is also distinguished among genera such as Anolis 
lizards. Some species such as A. sagrei, A. distichus, and A. barbouri have shortened faces while in 
contrast other species have elongated skulls like A. brunneus and A. bahorucoensis. Previous evolutionary 
studies of Anolis lizards have established that the variance in facial structure has developed independently 
of each other. The developmental mechanisms that are attributed to diversity in facial morphologies for 
nasal cartilage, of other species of amniotes like the zebra finch (Aves)  and American alligators 
(Crocodylia) have been studied1. For both the Aves and Crocodylia cell proliferation was seen at high
levels in the anterior growth zone for earlier stages but decreased in later developmental stages (Fig. 2). 
Similar studies have not yet been investigated in anoles. The objective of this project is to track the 
patterns of cell proliferation in nasal cartilage and determine if there is apical growth throughout the 
development of A. sagrei, as it is seen in Aves and Crocodylia.
In the skeletal facial structure of amniotes, the cartilage is the first to develop from neuroectodermal cells 
called cranial neural crest (CNC) cells. In other amniotes, past studies have shown that proliferation of 
these cells in the frontonasal prominence (FNP) drive growth to create the elongation of the face by the 
creation of a distal growth zone. The cranial morphogenesis and cartilage formation are affected by 
heterochrony causing the rate of cell proliferation to vary throughout development dependent on the 
species. For that reason, this study will focus on the pattern of proliferation for nasal cartilage cells in A. 
sagrei at different developmental stages and then introduce other species of anoles with different facial 
morphologies to the study. Consequently, the proliferation patterns will be able to be compared at 
different developmental stages and in different species. 
Objective:
The objective of this study is to determine the significance of nasal cartilage growth as a developmental 
mechanism causing facial diversity in Anolis lizards. 
Methodology:
To obtain data, paraffin sectioning followed by the examination of nasal cartilage through histology and
cell proliferation will be utilized (Fig. 3). Later developmental stage samples will undergo an additional 
step of decalcification before the paraffin embedding so that the cartilage can be examined without the 
interference of bone structures. The CNC cells that are proliferating in the given section and stage will 
be labeled permitting visual examination. This will allow the variation of cell proliferation patterns to be 
observed throughout cranial morphogenesis in A. sagrei. For the current stage of the study, the necessary 
laboratory techniques have been learned and will be implemented in the context of the study this 
summer.
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Results:
This study is in progress and no results have yet to be produced from the methodologies.
Discussion:
The succeeding step in this study will introduce other species of Anolis lizards with facial morphologies 
that are different from A. sagrei. This will allow for comparisons to be made between cell proliferation 
trends for species with various facial lengths. Thus, investigating the question if cartilage formation varies 
throughout development depending on the species. Additionally, these results will provide insight on 
whether the proliferation of cranial neural crest cells is an underpinning in the developmental mechanisms 
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Fig. 1 This image displays diversity in craniofacial morphology in various 
classes of amniotes.1
Fig 2. Cell Proliferation (green) and differentiation (purple) is visualized at early, middle 
and late stages of development for Crocodylia and Aves embyros1.
Fig 3. This flowchart demonstrates the methods that are being followed for the course of this study.
